1. Introduction
===============

Microtia is a congenital malformation of the external and middle ear caused by the abnormal development of the first and second arch, and the first sulcus in the embryonic stage; it may be accompanied by hearing loss, and also mandibular and facial soft tissue dysplasia.^\[[@R1],[@R2]\]^ It can be unilateral or bilateral, and the degree of auricular deformity can range from mild structural abnormalities to complete absence of the ear. Epidemiological prevalence surveys carried out both in China and abroad indicate that the prevalence of microtia varies depending on region,^\[[@R3],[@R4]\]^ race,^\[[@R5],[@R6]\]^ sex, and even altitude.^\[[@R5]\]^ Risk factor analysis suggests that parental status and pregnancy issues, such as age and education level of the mother,^\[[@R7]\]^ diabetes of the mother, early pregnancy infection, multiple births, taking medicine,^\[[@R8]\]^ smoking, or drinking during pregnancy,^\[[@R9]\]^ have a major impact on the incidence rate. Insufficient folic acid intake during early pregnancy can also increase the risk of microtia.^\[[@R10]\]^

Thus, microtia is a multifactorial disease in which environmental and genetic factors, and also interactions between the 2, may be involved. Researchers have tried to identify the genetic factors in the development of microtia and their mechanism of action; however, no clear disease-causing genes have been found, and there is no consensus on the mechanism of action of microtia.

Over the past decade, scientists have grappled with the implications of epigenetics: genetic information is never solely determined by genes.^\[[@R11]\]^ Just as most cells in a multicellular organism carry the same genetic material, the morphology and function of different types of cells vary widely. This heterogeneity is caused by different gene expression patterns in various cells. Epigenetics regulates these different gene expression patterns to determine cell fate.^\[[@R12]\]^ As early as 2009,^\[[@R11]\]^ a group of researchers from the Eidgenössische Technische Hochschule in Zürich led by Professor Renato Paro conducted cross-cultivation of fruit flies for 6 generations, observing the effect of temperature changes on their eye color. The results showed that temperature change can turn the eyes of this species of fly from white to red. After several generations of cultivation, the offspring still had red eyes. However, the genetic DNA sequences responsible for eye color in the white-eye parents and the red-eye progeny remained the same. These results contradicted the predictions of traditional genetic theory. The phenotype of some organisms may change without changing the corresponding gene base sequence.^\[[@R13],[@R14]\]^ This is the so-called epigenetic effect, by which the genome can be modified without affecting the DNA sequence. This change can not only affect the development of an individual, but also be inherited. This discovery challenged traditional genetic concepts. In February, 2010, an article in Nature magazine^\[[@R15]\]^ pointed out that while genetic sequences contain genetic information, modifications to those sequences also contain genetic information. Since then, the emerging discipline of epigenetics has become an important branch and research hotspot of modern genetics. Meanwhile, large-scale genome sequencing and functional studies have created a major problem for scientists: in a nutshell, the intra and interspecies genomic sequences are too similar to explain the diversity of life. Epigenetics, the chemical modification of DNA or its related proteins, changes in gene expression caused by noncoding RNA, can shed light on how these similar genetic codes are expressed specifically in different cells, different environmental conditions, and different periods.^\[[@R15]\]^ Unfortunately, microtia has largely been ignored by the intense research activity in the field of epigenetics over the past decade; very few articles have been published directly relating to microtia.

Environmental factors include not only the environment in which we live, but also the intrauterine environment in which fetal embryos develop, which is critical for fetal growth. Many research studies have reported that changes of the epigenetic pattern in the intrauterine environment impact the incidence of birth defects such as fetal growth restriction,^\[[@R16]--[@R19]\]^ neural tube defects,^\[[@R20]--[@R22]\]^ cleft lip and palate,^\[[@R23]--[@R28]\]^ craniosynostosis,^\[[@R9]\]^ hypospadias,^\[[@R9],[@R29]--[@R31]\]^ and congenital heart disease^\[[@R9],[@R32]--[@R34]\]^ at a much higher rate than that of control groups; however, when the DNA of people with birth defects is compared with that of normal people, it is difficult to identify with certainty a pathogenic gene or genes.

In view of this, we speculate that there may be an epigenetic dimension to the occurrence of microtia. Epigenetics mainly includes DNA modification, histone modification, chromatin remodeling, and noncoding RNA.^\[[@R35]\]^ Based on epigenetic studies of microtia to date, this article reviews the effects of DNA methylation and noncoding RNA including micro ribonucleic acid (miRNA) and long non-coding ribonucleic acid (lncRNA) on microtia.

2. Effect of epigenetic modification of DNA on microtia
=======================================================

DNA methylation is a common epigenetic way of regulating gene expression in eukaryotic cells and is the major epigenetic modification of genomic DNA.^\[[@R36]\]^ DNA methylation not only affects the process of gene expression, it can be inherited and persist with mitosis and meiosis in cells.^\[[@R37]\]^ The study found that 9.5-day-old fetal rat craniofacial tissue showed positive expression of DNA methyltransferase,^\[[@R26]\]^ suggesting that DNA methylation is regulated in the early phase of the embryo. The Sox4 gene is reportedly an important regulatory gene for the differentiation and development of neural crest cells during embryonic development, and also a strong candidate gene for cleft lip and palate.^\[[@R27]\]^ Its methylation abnormality can affect a series of development-related signal transductions and gene transcriptions, and is involved in the development of multiple organ malformations including cleft lip and palate.^\[[@R28]\]^

In 2011, a systematic review of 173,687 cases of deformed children and 11.7 million controls showed that smoking during pregnancy was associated with multiple neonatal defects including microtia.^\[[@R9]\]^ The study also found that adverse environmental factors such as tobacco and alcohol can cause craniofacial morphological abnormalities^\[[@R38]--[@R40]\]^ by inducing abnormal methylation of related susceptibility genes during craniofacial morphogenesis. Methionine, VitB12, and folic acid in the diet are donors of the DNA methylated methyl group.^\[[@R41]--[@R43]\]^ If there is a lack of folic acid, methionine, VitB12, or selenium in the diet, the methylation status of the gene will change,^\[[@R44],[@R45]\]^ resulting in neural tube defects,^\[[@R46]--[@R48]\]^ ataxia,^\[[@R48]\]^ cleft lip and palate,^\[[@R25]\]^ congenital deafness,^\[[@R48]\]^ microtia,^\[[@R48]\]^ and so on. Environmental pollution, such as occupational chemicals, fossil fuel emissions, water pollution, and smoking, releases harmful substances such as arsenic and polycyclic aromatic hydrocarbons (benzoxene), which can increase genetic instability and alter cellular material metabolism.^\[[@R27],[@R49]\]^

3. Effect of noncoding RNA regulation on microtia
=================================================

The human gene coding sequence only accounts for 1.2% of the genome, whereas more than 98% of the genome is transcribed to generate noncoding RNA.^\[[@R50]--[@R52]\]^ Of this 98%, 50% of miRNA is located in the chromosomal region which is susceptible to change, and the post-transcriptional expression level of the gene can be regulated by gene silencing.^\[[@R53]\]^ Many developmental genes that play an important role during cranial morphogenesis are regulated by miRNA.^\[[@R54],[@R55]\]^ In zebrafish, miR-140 has been shown to negatively regulate platelet-derived growth factor alpha receptors, and exogenously injected excess miRNA-140 can cause extensive craniofacial developmental defects including cleft lip and palate, whereas miRNA-140 function loss interferes with the normal localization of neural crest cells and the normal occurrence of sputum organ morphology.^\[[@R23]\]^ In a 2013 literature report,^\[[@R56]\]^ miRNA microarray analysis of 9 microtia and 3 normal ear tissue samples revealed that 11 miRNAs were differentially expressed. Among them, 6 were up-regulated (miR-16, miR-140--3p, miR-126, miR-185, miR-451, and miR-486-5p) and 5 were down-regulated (respectively, miR-203, miR-205, miR-200c, miR-708, and miR-1308). Subsequently, 58 microtia and 16 normal ear tissues were subjected to amplified verification. It was found that miR-451 and miR-486-5p were up-regulated in microtia, and the expression of miR-200c was down-regulated (*P* \< .05). These differentially expressed miRNAs may play an important role in the development and progression of microtia.

Compared with miRNAs, lncRNA sequences are longer, larger than 200 nt, and have a more complex spatial structure, so the information content is more abundant. LncRNAs make up a significant proportion of total noncoding RNA. Abnormally expressed lncRNAs participate in a variety of pathogenic genes through transcription or post-transcriptional regulation, or exert biological functions on their regulated expression networks, which have different degrees of effect on the occurrence and development of diseases.^\[[@R57]\]^ Many studies have confirmed that lncRNAs can silence or activate the expression of some genes through direct interaction with chromosomes, especially in the embryonic development stage. LncRNAs participate in the expression silencing of the heritable alleles and maintain the epigenetic traits, which is essential for the normal development and cell differentiation of multicellular organisms. Ozturk et al^\[[@R58]\]^ used RNA sequencing to identify cleft palate causative genes in mice in a knockout model. Gao et al^\[[@R59]\]^ found that IncRNA H19 may participate in the occurrence of mouse cleft palate by interacting with insulin growth factor. Babajko et al^\[[@R60]\]^ found that Msx1 antisense RNA regulated the expression of Msx1 gene; when the balance between the 2 was disturbed, tooth hypoplasia and bone loss resulted. LncRNA not only affects the development of cleft palate and jaw bone, the growth and development of the nervous system also depends on the accurate expression of lncRNA in time and spatial specificity. The brain is rich in lncRNA expression and plays an important role in regulating neural cell differentiation, synaptic plasticity, and brain development.^\[[@R61]\]^ Guttman et al^\[[@R62]\]^ analyzed more than 1000 intergenic lncRNAs by analyzing mouse neuronal chromatin tags. These lncRNAs are associated with oligodendrocyte myelination, GABAergic neuron differentiation, cAMP-response element binding protein (CREB)-mediated transcriptional regulation, mouse hippocampus development, brain aging, G-protein-coupled receptors, and calcineurin-dependent signal transduction pathways. In 2017, through the detection of lncRNA microarray in autologous residual ear cartilage and normal lateral ear cartilage in 3 microtia patients, a total of 180 differentially expressed lncRNAs were found, of which 74 were up-regulated and 106 were down-regulated.^\[[@R63]\]^ These differential changes in noncoding RNA and normal tissues may provide biological information for the etiology and pathogenesis of microtia.

4. Identification of key candidate genes by bioinformatical analysis
====================================================================

Eleven miRNAs reported in a study by Li et al^\[[@R56]\]^ were analyzed and their target genes predicted by searching 5 databases: MicroCosm, miRanda, miRDB, TargetScan, and PicTar. All analyses were based on previous published studies, thus no ethical approval and patient consent were required. The only miRNA in this group of 11 that contained experimentally verified target genes was hsa-miR-140-3p. A total of 94 predicted target genes was identified (Fig. [1](#F1){ref-type="fig"}). Gene ontology (GO) analysis results (Fig. [2](#F2){ref-type="fig"}) show that genes in the biological process (BP) group were principally enriched by cellular process, single-organism process, biological regulation, and regulation of BP. In the cellular component (CC) group, genes were mainly enriched in cell, cell part, organelle part, and membrane. In the molecular function (MF) group, genes were mainly enriched in binding, catalytic activity, MF regulator, and signal transducer activity. The ranking of enriched GO terms in Fig. [3](#F3){ref-type="fig"} shows that most genes were significantly enriched in protein kinase binding, kinase binding, cellular response to growth factor stimulus, and axon.
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![Top 30 enriched GO terms. GO = gene ontology.](medi-98-e17468-g003){#F3}

The kyoto encyclopedia of genes and genomes classification results showed that genes were mainly enriched in cellular processes, environmental information processing, genetic information processing, human diseases, metabolism, and organismal systems (Fig. [4](#F4){ref-type="fig"}). The top 30 signaling pathway results showed that genes were mainly enriched in cell cycle, pyrimidine metabolism, and RNA polymerase (Fig. [5](#F5){ref-type="fig"}).

![Significant enriched KEGG terms in different classes of target genes in microtia. KEGG = kyoto encyclopedia of genes and genomes.](medi-98-e17468-g004){#F4}

![Top 30 enriched pathway terms of target genes in microtia.](medi-98-e17468-g005){#F5}

Through integrated bioinformatical analysis, we identified candidate genes for microtia, and also key pathways. These findings improve our understanding of the etiology and occurrence of microtia, and also microtia molecular events. The candidate genes and pathways can therefore be used as therapeutic targets.

5. Outlook
==========

The latest research in the field of epigenetics sheds new light on a range of vital processes, challenging "genetic determinism." A deeper understanding of microtia epigenetics will not only shed light on the occurrence of this defect, but also facilitate more accurate assessment and evaluation of pregnant women at risk of giving birth to babies with microtia. This will lead to better prevention and better treatment of microtia.
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